Alfabetismo em saúde bucal dos cuidadores é associado com a prevalência de cárie não tratada em pré-escolares (PR = 1.48;) in comparison to those without these conditions. In conclusion, a higher prevalence of untreated dental caries was found among preschool children whose caregivers had a low degree of OHL.
introduction
The occurrence of dental caries has been associated with socioeconomic and geographic inequalities 1 . Despite the considerable regional variations reported in the most recent Brazilian national oral health survey, a decline in the prevalence of dental caries has occurred, with the exception of five-year-old children, for whom the occurrence of this adverse oral health condition has remained stable 2, 3 . This age group constitutes a challenge, as preventive actions at home as well as decisions regarding dental care and seeking dental treatment depend upon caregivers 4 . Considering children's dependence on their caregivers, it is likely that, besides factors traditionally associated with dental caries, the degree of caregiver's oral health literacy also has an influence on the prevalence of this condition. Although affected by a formal education, literacy is a broader concept and encompasses the comprehension of reading, writing and interpretation skills 5 . In the health field, this concept refers to "the cognitive and social skills which determine the motivation and ability of individuals to gain access to, understand and use information in ways which promote and maintain good health" 6 and it is denominated health literacy. When applied to the dental field, this concept is denominated oral health literacy (OHL) 7 . This field of study has piqued considerable interest in recent years and OHL assessment tools have been developed employing both word recognition and comprehension. In Brazil, however, an OHL assessment tool has only recently been adapted and validated for the Brazilian Portuguese language and the cultural context of the country. The Brazilian version of the Rapid Estimate of Adult Literacy in Dentistry-30 (BRE-ALD-30), which is based on word recognition, has proven to be simple, fast and reliable for measuring OHL among Brazilian adults 8 . It has demonstrated satisfactory psychometric properties (BREALD-30 scores were significantly correlated with expected variables, such as the level of general literacy, and associated with oral health outcomes, as the respondent's perception regarding his/her child's oral health), with a good internal reliability (Cronbach's alpha ranged from 0.88 to 0.89) and excellent reproducibility (intraclass correlation coefficient = 0.983 and Kappa coefficient ranging from moderate to nearly perfect) 8 . The literature has demonstrated that a low OHL among adults is often associated with worse health outcomes, a less efficient use of healthcare services, history of missed dental appointments 9 , greater expenditures on medical and dental emergencies as well as difficulty in understanding and following the advice of healthcare professionals 4, [10] [11] [12] [13] [14] . Moreover, children whose caregivers have a low degree of OHL exhibit inadequate oral health behaviors 4, 15 and have poorer oral health outcomes 4, 8, 11, 16, 17 . The early studies cited above on OHL clearly indicate the need to broaden knowledge on the relationship between this concept and children's oral health, with the aim of enabling the implementation of educational interventions and strategies on both the community and at individual levels that are specific to each situation and, therefore, have a greater impact on health maintenance as well as on oral diseases prevention. Thus, the aim of the present investigation was to analyse the influence of caregivers' OHL on the prevalence of untreated dental caries in early childhood in a large city located in southern Brazil.
methods ethical aspects
This study was conducted in compliance with the Declaration of Helsinki and received approval from the Curitiba Municipal Department of Education and Health as well as the Human Research Ethics Committee of the Federal University of Paraná, Brazil. Parents/caregivers signed a statement of informed consent allowing their children to participate in the oral examinations and provided answers to the questionnaires.
study design and sample characteristics
A population-based, cross-sectional study was conducted involving children enrolled in the 234 educational units of the Municipal Child Education System distributed among the nine administration districts in the city of Curitiba, Brazil. In the period of this research, 15,854 preschool children were enrolled in the Municipal Child Education System. Curitiba is the capital of the state of Paraná in the southern region of the country, with an estimated population of 1,879,335 inhabitants and a Municipal Human Development Index of 0.823 18 . The calculation of the sample size was performed based on the estimated proportion for-mula in order to include an adequate number of individuals to compose the group to be investigated, with correction for a finite population. A 95% confidence level (1-α) and 5% acceptable error were used, considering a total population of 15,854 preschool children and the prevalence of untreated caries found in the pilot study (33.8%). The calculated sample of 337 preschool children was multiplied by 1.2 to compensate for the cluster design effect, leading to a minimum sample of 404 preschool children, to which an additional 20% was added to compensate for possible dropouts (total: 485 preschool children and their caregivers). Two-stage (schools and children) randomized cluster sampling was employed. The sample was also stratified by regional administration district of the city (9 districts), to ensure representativeness. That is, the calculated sample size was distributed proportionally among districts, maintaining proportionality with the number of 4-5-year-old students enrolled in each district. In the first stage, schools were randomly selected by lots in each administration district. In the second stage, 4-5-year-olds were randomly selected by lots from the selected schools to reach the defined sample size for each district.
Male and female preschool children aged four and five years and their caregivers who lived in the same home participated in the study. Children who refused to allow clinical examination, had any syndrome or intellectual disability, demonstrated a debilitating condition (fever, cold, nausea, etc.) or were absent from preschool on the days of data collection were excluded from the study. The exclusion criteria for the caregivers were visual or hearing impairment (reported or perceived), not having Portuguese as their native language, having obvious signs of cognitive impairment, such as memory loss or difficulty in understanding the research objectives, and/ or drug or alcohol intoxication at the time of the interview.
Data collection team, training and calibration
The BREALD-30 was administered by a single examiner who had undergone a training exercise and was blinded to the clinical findings. After theoretical training, a set of 15 videos of adults who answered the BREALD-30 and demonstrated different degrees of OHL was used 19 . The gold standard in this calibration exercise was a researcher from the team that validated the questionnaire for use in Brazil. After a seven-day period, the same videos were re-evaluated. The Kappa coefficient (Kp) demonstrated that both inter-examiner and intra-examiner agreement was nearly perfect (Kp > 0.90 and > 0.91, respectively).
The collection team for the clinical data was composed of three examiners who had undergone training and calibration exercises consisting of two steps. The theoretical step involved a discussion on the criteria employed for the diagnosis of dental caries and plaque through the analysis of photographs of these conditions. The clinical step involved the examination of 15 preschool children. After a seven-day interval, the children were examined a second time for the determination of intra-examiner agreement. A specialist in pediatric dentistry with large experience in epidemiological studies coordinated this process and was defined as the gold standard. The Kappa coefficient on a tooth-by-tooth basis was used for the analysis of agreement. With regard to visible plaque, it was only possible to determine inter-examiner agreement. Inter-examiner Kp coefficients ranged from 0.880 to 0.914 for dental plaque and 0.844 to 0.873 for dental caries. Intra-examiner Kp coefficients for dental caries ranged from 0.921 to 0.948.
Pilot study
A pilot study was conducted involving 80 preschool children in the municipal education system in the same age group as the main study and their caregivers. All clinical examinations and the administration of the BREALD-30 were performed in compliance with pre-established codes and criteria as well as under the same conditions to be developed in the main study. The results demonstrated no need to change the proposed methods, since the number of missing data was very low and the answers presented coherence. All participants accepted the application of BREALD-30 and application time was short. The participants in the pilot study did not participate in the main study.
socioeconomic data
A questionnaire especially elaborated for this research and previously tested in the pilot study on the socioeconomic status of the family was sent to the caregivers. This questionnaire addressed the age of the parents/caregivers, marital status, schooling, number of children, number of residents at home, monthly household income and access to dental services, and was answered by parents/caregivers.
evaluation of oral health literacy
The BREALD-30 was used for the evaluation of OHL 8 . This assessment tool is used for a rapid estimate of OHL among adults and is administrated in a short period of time (maximum of three minutes). The BREALD-30 is composed of 30 words related to oral health arranged in an increasing order of difficulty based on length of the word, number of syllables and the difficulty in the combination of sounds. The words from BREALD-30 were read in loud voice by the caregivers in a private room at the schools where data were collected. Words pronounced correctly received a score of 1 and those pronounced incorrectly received a score of 0. The final score was determined by the sum of the scores of the different words (total: 0 to 30), with higher scores denoting a higher degree of OHL.
Clinical examination
A clinical examination was performed on the children. The examiners used the maxillary anterior visible plaque index for the analysis of dental plaque 20 . The vestibular surfaces of teeth 52, 51, 61 and 62 or their successors (teeth 12, 11, 21 and 22) were examined. The "d" component of the decayed, missing and filled teeth (dmft) index was used for the determination of the prevalence of untreated dental caries, following the clinical criteria established by the World Health Organization 21 . The pulp involvement, ulceration, fistula and abscess (PUFA) index was used for the examination of the clinical consequences of untreated dental caries 22 . Each tooth that met the criteria of the conditions of this index was cumulatively attributed one point. This evaluation was performed visually with the use of a flat mouth mirror and WHO probe for the removal of residual plaque.
statistical analysis
The data were tabulated and organized using the SPSS Statistics® program (version 20.0; SPSS Inc., Chicago, IL, USA). The main explanatory variable (OHL measured using the BREALD-30) was dichotomised as a high or low, using as cutoff point the score of the last quintile 4 . The clinical variables were dichotomised as follows: untreated dental caries -outcome variable (present: at least one tooth affected; absent: no teeth affected); visible plaque (present: at least one maxillary anterior tooth affected; absent: no teeth affected); clinical consequences of untreated dental caries (PUFA ≥ 1 or 0). The demographic and socioeconomic characteristics were dichotomised as follows: child's sex (male or female); caregiver's schooling (≤ eight years of study or more than eight years of study); caregiver's marital status (married/in a stable union or separated/widowed/single). Household income was measured based on the Brazilian minimum monthly wage (BMW), the reference of which was 296 dollars at the time of data collection. The caregivers' responses regarding oral hygiene aspects and access to dental care were dichotomised as follows: tooth brushing frequency (always or never/occasionally); difficulty regarding access to dental services (yes: did not visit a dentist due to financial difficulties; no: visited a dentist).
A descriptive analysis of the variables was performed, followed by univariate and multivariate Poisson regression analyses. Variables with a p-value < 0.20 in the univariate analysis were incorporated into the multivariate model and those that allowed the best fit based on the Hosmer-Lemeshow test remained in the final model. Household income and caregiver's schooling remained in the model regardless of the p-value, as these were considered possible confounding variables for the association between OHL and dental caries.
Results
A total of 415 child/caregiver pairs participated in the study, corresponding to an 85.6% response rate. The prevalence of children with untreated dental caries was 42.9% (95% CI: 38.1 to 47.7%). The mean BREALD-30 score was 22.8 ± 5.1 (median: 24; range: 0 to 30) and the score of 19 points was the cut-off point to the last quintile. A total of 15.7% (95% CI: 12.2 to 19.2%) of caregivers demonstrated a low degree of OHL and the other 84.3% (95% CI: 80.8 to 87.8) demonstrated a high degree.
Monthly household income was higher among children who were free of untreated dental caries (mean: 2.9 ± 1.8 BMW; median: 2.8; range: 0.4 to 11 BMW). Preschool children with untreated dental caries lived in families with a mean monthly income of 2.5 ± 1.5 BMW (median: 2.1; range: 0.5 to 8.3). The association of untreated dental caries and others variables was showed in the Table 1. OHL was significantly associated with both dental caries and its consequences (Table 2) . Children whose caregivers had a low degree of OHL had a 2.06-fold greater prevalence of teeth with clinical consequences of untreated dental caries in comparison to those whose caregivers had a high degree of OHL.
The multivariate model that best explained the presence of untreated dental caries was composed of socioeconomic variables (BREALD-30 score, household income, marital status and schooling), behavioral variables (tooth brushing frequency) and clinical variables (visible plaque) ( Table 3 ). In this model, BREALD-30, visible plaque and tooth brushing frequency were significantly associated with untreated dental caries (p < 0.05). Higher prevalence of untreated caries was found among children whose caregivers had a low degree of OHL (PR = 1.35; 95% CI: 1.01 to 1.79), those with visible plaque (PR = 1.28; 95% CI: 1.01 to 1.62) and those who never or only occasionally had their teeth brushed by their caregivers (PR = 1.48; 95% CI: 1.16 to 1.91) in comparison to those without these conditions.
Discussion
Besides factors traditionally associated with dental caries, such as visible plaque and inadequate tooth brushing frequency 23 , the present findings demonstrated that a greater prevalence of untreated caries among preschool children was associated with a low degree of caregivers' OHL. Moreover, this association remained even when the multivariate model was controlled for household income as well as caregiver's marital status and schooling.
Studies often include parent's schooling as an explanatory variable for the prevalence of dental caries among children 23, 24 . However, it is likely that the evaluation of health literacy is more sensitive to the association with health outcomes, especially in groups for which formal educational disparities are not particularly evident. Despite the increasing number of studies that have addressed this issue, few studies have evaluated such skills in terms of oral health.
Literacy and schooling are different concepts, although both are influenced by socioeconomtable 1. Distribution of preschool children according to caregiver's oral health literacy, schooling and marital status, visible plaque, oral hygiene and access to dental services in relation to untreated dental caries; Curitiba, Brazil, 2015 (n = 415). 4, 26, 27 , but also less capacity to understand health educational actions 26 which makes overcoming their deficiencies more difficult. In contrast, a high degree of OHL indicates the adoption of oral health-related behaviors, such as oral self-exams, a greater frequency of oral hygiene and visiting the dentist for prevention purposes 28 . Caregivers with a low degree of OHL report that their children have poorer oral health 4, 8, 16 . Moreover, such children have greater caries experience and the presence of visible plaque 17 as well as the need for complex treatment due to dental caries 11 . The literature indicates that a low degree of caregivers' OHL is associated with a more frequent use of night time bottle feeding 4 and a failure to perform tooth brushing for their children due to frustration regarding the control of child behavior 15 , both of which are risk factors for den- 4 . An association was also found in the present study between a low degree of caregivers' OHL and greater prevalence of the clinical consequences of untreated caries, such as pulp involvement and abscess. This is the first study to investigate the association between OHL and the more extreme manifestations of dental caries. A previous study demonstrated that greater expenditures on emergency dental treatment occur among caregivers with a low degree of OHL 10 .
As preschool children are dependent on caregivers with regard to oral health 29 , it was expected that the presence of visible plaque would be influenced by OHL. However, this did not occur. It is likely that oral hygiene performed in the preschool setting, which is a frequent practice in the population studied, had an influence on this finding, even with differences in oral healthcare performed at home. Moreover, a word recognition assessment tool may not be robust enough to identify differences in oral hygiene practices as a function of the caregivers' OHL. In a study involving Asian five-year-old children, the association between a low degree of caregivers' OHL and the presence of visible plaque in children, when controlled for socioeconomic factors, only remained significant for the comprehension assessment tool and lost significance when the assessment tool employed was word recognition 17 . One limitation of the present investigation regards the fact that the assessment tool used to measure OHL does not encompass one of the properties of functional literacy represented by the comprehension of the meaning of the words 30 . However, the BREALD-30 proved to allow a fast evaluation of literacy, which is an important methodological and financial gain when conducting population-based studies. Moreover, previous studies have demonstrated that OHL measures that involve comprehension and word recognition exhibit multicollinearit 17 . Another limitation of the present investigation was the inclusion of children only from the public school system. However, this aspect had the advantage of standardising some factors that could interfere with the results, such as eating practices and oral hygiene performed in the preschool setting. Lastly, the cross-sectional design does not allow the establishment of the direction of the association between OHL and dental caries. Thus, studies with a longitudinal design are needed.
In conclusion, the present findings demonstrate that caregivers' OHL was associated with the prevalence of untreated dental caries among preschool children. This indicates that clinical and health management actions should include educational strategies capable of overcoming the limitations stemming from a low degree of oral health literacy.
